Introduction
Acanthamoeba sp. is an opportunistic free-living pathogen that is widely distributed in the environment including soil, water systems and air [1, 2] . Currently, there are 18 known genotypes of Acanthamoeba based on the Rns gene, T1 to T18 [3] . Some genotypes are pathogenic, causing human diseases like the debilitating Acanthamoeba keratitis that can cause blindness, and the fatal Acanthamoeba granulomatous encephalitis (AGE) [2, 4, 5] .
Acanthamoeba spp. have been isolated from air samples and from nasal epithelial surfaces of healthy human, usually during the windy periods [4] . Acanthamoeba cysts are easily dispersed by air and can reach the nasal epithelial surfaces [6, 7] . From the nasal cavity, it can travel to the central nervous system through the respiratory tract and the blood stream [1, 2, 5] .
This present study aims to discriminate the Rns genotypes of Acanthamoeba spp. obtained from the nasal epithelium of human.
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Objective: To analyze the genotypes of Acanthamoeba species isolated from human nasal swabs in the Philippines. Methods: Human nasal swabs were collected from two groups: a low exposure group composed of students of the University of the Philippines-Diliman and a high exposure group composed of laborers frequently exposed to garbage, soil and dust. After isolation using non-nutrient agar plate lawned with Escherichia coli and DNA extraction using Chelex-100 resin, the ASA.S1 region of the gene (Rns) coding for nuclear, small subunit ribosomal RNA of Acanthamoeba was amplified through polymerase chain reaction. Purified polymerase chain reaction products were then sequenced. Neighbor-joining, maximum parsimony, and maximum likelihood phylogenetic trees were then constructed.
Results: In the low exposure group, 1 out of 70 (1.43%) students and 7 out of 110 (6.36%) in the high exposure group were culture-positive. Four soil samples were also obtained for comparison, all of which were tested culture-positive. Of the 12 Acanthamoeba isolates, only 9 were successfully sequenced. The basic local alignment search tool of the US National Center for Biotechnology Information was used to identify most similar sequences. Five isolates were identified as genotype T5, and 3 isolateds were genotype T4. Genotype T11 was also isolated from soil, the first to be reported in the Philippines. Conclusions: Genotype T11 is a possible pathogenic strain and both T4 and T5 can be pathogenic to human, hence, healthy provisions, especially for high exposure groups, should be given more attention and reevaluated.
Materials and methods

Sample collection and culture
Nasal swabs from 110 volunteers were obtained from a high exposure group that frequently exposed to dust, soil, and garbage from Marikina City and Quezon City in the Philippines. A total of 70 samples were also obtained from a low exposure group composed of students of the University of the Philippines, Diliman campus. A total of 4 soil samples were also obtained (Table 1 ). The nasal swabs were streaked on a non-nutrient agar plate lawned with Escherichia coli [8] . Table 3 Reference Acanthamoeba isolates included in the analyses. Genomic DNA was extracted using Chelex ® -100 resin (Sigma, Missouri, USA) extraction procedure [9] and then used as a template in PCR as described previously [10] . Primers JDP1 and JDP2 were used to amplify the ASA.S1 region of the Rns gene coding for Acanthamoeba's nuclear, small subunit ribosomal RNA [11] . PCR product was purified using QIAquick ® gel extraction kit (QIAGEN GmbH, Hilden, Germany) according to the manufacturer's protocol. The purified PCR products were then sent to Macrogen (Seoul, South Korea) for direct sequencing.
Genotype identification, alignment and phylogenetic analysis
The basic local alignment search tool of the US National Center for Biotechnology Information was used to identify most similar sequences. The sequences obtained were aligned using ClustalW of Bioedit, with gaps and ambiguous sequences identified by visual inspection. The trees, rooted on a suitable outgroup [Balamuthia mandrillaris (B.
mandrillaris)], were constructed using neighbor-joining (NJ) and maximum likelihood (ML), which were based on the best model as well as the non-model-based maximum parsimony (MP). Bootstrap re-sampling was also carried out with 1 000 replicates for NJ and MP and 100 replicates for ML. PAUP version 4.0b10 was used for MP and NJ [12] , while sequences were uploaded into the website PhyML (http://www.atgcmontpellier.fr/phyml/) for the ML analysis. NJ, MP and ML consensus trees were generated from all clusters that had a bootstrap support of >50% from at least two of the models.
GenBank references
Sequences determined in this study were deposited in GenBank as accessions KJ652982-KJ652990 (Table 2 ). The reference sequences used are listed in Table 3 .
Results
A total of 12 Figure 1 . Phylogenetic tree of the nasal swab and soil isolates from this study and reference Acanthamoeba isolates, based on 296 aligned nucleotide base pairs of the ASA.S1 region of the Rns gene. The tree, constructed using the maximum likelihood method using the GTR+G+I model, was rooted on B. mandrillaris. The three values at each node represent the bootstrap support from ML, NJ, and maximum parsimony analyses, respectively. Bootstrap support <50% are not shown. The scale bar on the lower left side represents one change per ten nucleotide positions. The brackets show the clustering of the study isolates to reference genotypes.
group had 7 positive samples (6.36%) while the low-exposure group had 1 (1.43%) ( Table 1) . DNA was successfully extracted, amplified, and sequenced in 9 of the 12 samples. Three Rns genotypes were identified from the 9 nasal swabs and soil samples. Five of the 9 samples were genotype T5, where 4 were from human nasal swabs and 1 from a soil sample. Three were genotype T4, where 2 were from human nasal swabs and 1 from a soil sample. The last sample from soil was identified as genotype T11. Table 2 summarizes the Rns sequence similarities of Acanthamoeba isolates used in this study and reference isolates. Moreover, the isolates also clustered with the reference strains (Table 3 ). The isolates are most similar to the reference strains in at least 2 of the 3 phylogenetic tree analyses used in this study with bootstrap support of 50 and above for NJ, ML, or MP. Figure 1 shows a consensus tree based on the ML tree summarizing the results of ML, NJ, and MP.
Discussion
Acanthamoeba colonization of the nasal cavity is mostly associated with its ability to disperse through the air in the form of resistant cysts [6, 7] . As dust and soil particles are carried by the wind, Acanthamoeba cysts are transmitted to the nasal epithelium, transformed to trophozoites and are able to colonize it due to several factors like their presence of acanthopodia, binding proteins, and neuraminidase [2, 5, 13] . Infection by Acanthamoeba is also affected by its host characteristics. Moreover, infection of humans may also depend on its susceptibility and hygiene [5] .
Results of this study show that street sweepers and garbage collectors are susceptible to Acanthamoeba infection. This is due to the nature of their work. They are constantly exposed to dust and soil and garbage, respectively, for several hours a day that may be contaminated with Acanthamoeba. Lower rate of infection was observed in students that can be attributed to less contact with contaminated soil or water. The percentage of isolation in this study is small (4.44%), compared to other studies (28.4%) that are similar in nature [14] . However, the risk for acquiring AGE is still high due to the ability of the cysts to disperse through wind.
In this study, genotype T5 is more commonly isolated than genotype T4, contrary to previous studies that had T4 as the most prevalent genotype in nasal cavity colonization [5, 14] . T4 has been identified as the major genotype associated with keratitis and non-keratitis infections such as AGE mostly due to its greater virulence and/or properties that enhance its transmissibility [15] . T5 is the more commonly isolated genotype in nasal mucosa infections, possibly making it a more common contaminant of soil, dust and solid waste in the Philippines. In contrast, most studies isolated T4 and T5 or isolated more T4 followed by the T5 [14, 16] .
The T5 isolates were closely related to reference strains, Acanthamoeba lenticulata PD2S ATCC 30871 (GenBank Accession U94741) (A. lenticulata) and A. lenticulata JC-1 ATCC 50428 (GenBank Accession U94739) isolated from freshwater stream and swimming pool, respectively. It can also be noted that in the NJ tree, the T5 isolates clustered with A. lenticulata strain 45 ATCC 50703 (GenBank Accession U94730) which was isolated from nasal mucosa. In contrast to a previous study in the Philippines [17] , all T4 isolates in this study were more similar to the reference Acanthamoeba castellani CDC:0981:V006 (GenBank Accession U07401) (A. castellani) isolated from a keratitis case rather than Acanthamoeba sp. OSU 4-023 clones 2 and 3 (GenBank Accession DQ41162 and DQ41163, respectively) from infected toucan liver tissue.
Like T4, genotype T5 was also identified to have high levels of pathogenicity and resistance in addition to being prevalent in the environment [16, 18] . Infection by Acanthamoeba sp., especially pathogenic genotypes such as T4 and T5 may have low rates but as the number of susceptible host increases, the risk of infection also increases.
Soil genotypes from AS1 and AS2 were found to be T4 and T5, respectively. The same genotypes were common in the environment from a previous study in the Philippines [19] , making these two become the most probable contaminants in the environment in the Philippines. These soil genotypes were similar to the genotypes of the isolates from the nasal swabs of the laborers. The phylogenetic trees corroborate the similarities of these isolates. However, genotype T11 was isolated in another soil sample. The T11 sample was isolated from an organic fertilizer made out of rice husk and was most similar to the T11 reference Acanthamoeba hatchetti BH-2 (GenBank Accession AF019068) (A. hatchetti) obtained from brackish water. To the best of our knowledge, this is the first report of isolation of Acanthamoeba genotype T11 from the environment in the Philippines. The organic fertilizer is characterized by being very loose and easily carried by the wind. This characteristic of the soil would increase the transmissibility of Acanthamoeba to infect nasal cavities [6, 7] , however, no T11 genotype was observed in any human isolate. T11 is mainly associated with keratitis cases [18, 20] . Nevertheless, a new area of study would be the selective infection and susceptibility of the human corneal membrane to Acanthamoeba genotype T11.
Genotype T11 is a possible pathogenic strain and both T4 and T5 can be pathogenic to humans, hence, healthy provisions, especially for high exposure groups, should be given more attention and reevaluated, especially to those more exposed to this organism.
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Comments
Background
Acanthamoeba species are widely distributed in the environment and have been isolated from soil, water, and air samples. The cysts are easily dispersed by air and can come into contact with nasal epithelial surfaces. Thus, Acanthamoeba species have also been isolated from nasal epithelial surfaces in healthy humans. The cysts can travel from the nasal cavity to the central nervous system through the respiratory tract and the bloodstream.
Research frontiers
The present study analyzed the genotypes of Acanthamoeba species isolated from human nasal swabs and soil samples in the Philippines. The ASA.S1 region of the Rns gene was sequenced in each isolate and together with reference sequences in GenBank, NJ, ML and MP trees were constructed.
Related reports
There are 18 known genotypes (T1 to T18) of Acanthamoeba based on the Rns gene. In the study, five isolates were of genotype T5, three were of genotype T4, and one of genotype T11. Genotype T4 is associated with keratitis and non-keratitis infections and is the most prevalent in previous studies.
Innovations and breakthroughs
This study is the first to report the isolation of Acanthamoeba genotype T11 from the environment in the Philippines.
Applications
The study shows higher rate of Acanthamoeba infection for street sweepers and garbage collectors compared to students. These isolates have been genotyped and some were found to be possibly pathogenic. Hence, health care and other provisions should be made accessible to the street sweepers and garbage collectors.
